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1. Abstract 

Being continued from the r~~earch, III Project No. FE-E-15, 

the culture of activated sludge to the possible effluent 

from TDI related industry was studied. 

The C'\Cti va ted s 1 udge was cult clred with aniline, tr iethy­

lendiamine, tclylendiamine, NNN'N' tetramethyl-diamino­

diethyl-ether, and the reaction product of TDI with water 

in the batch process. 

A half amount of total top water was replaced with the 

buffer solution which consisted ofK 2HP0 4 , KH2Po 4 , Na2EP04· 

12H2C, NE4Cl, MgS04, CaCl2, and FeC13·6H20. 

Chapter 3 des cr ibed the acclimation with aniline. The 

activated sludge originated from CSL (s y nthetic waste 

water) culture could be acclimated with aniline in about 

a month. The acclima ~ ed sludge could treat aniline with 

excellent effi c iency even at rel<·tively high loading. 

In Chapter 4, the c • ltures of the a c tivat.ed sludges with 

the reaction product ~ f TDI with water w~re attempted. 

The sludges used were obtained from both CSL-culturc and 

a niline-culture vessels. 

The both experiments for 1 20 days did no t show the possi­

bility of m~taboli sm and a slight inhibition of activity 

was observed. 

Chapter 5 treated the acclimation of tolylcne diamine which 

wa s a reaction product of TDI with water.· The activated 

sludge originated fr om an i line culture did not loos e its 

activity as long as t h e loading of tolylene diaminc \\'a.­

less than 20 ppm - COD equivalent 

However, the addition of tolylene daimine to the CSL-culture­

ed sludge gradually made it completely inactive even dt 

the very low loading. 
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Thus, it might be suggested t ha t the sludg e was cultured 

with aniline to treat the possible effluent contain ~ng 

tolylend iamine. 

In Chapter 6, the acclimat\on tests for triethylendiamine 
were mentione d . 

For both aniline cultured and CSL c u ltured sludges tri­
ethylerdiamine was not harmful. 

Though being not complPtely conclus i ve due to the J ~ .mita­

tion of cultural time, triethylendiamine seemed t o be 

metabolized with aniline acclimated sludge. 

For the CSL acclimated sludge, the contradictory results 

made it unabl e to obtain defin~te conclusion. 

As described in Chapter 7, NNN ' N'-tetramethyl-diamino­

diethyl-ether showed the sim i l ~r behaviours to those 

for the case of aniline. 

It seemed to be evident t hat NN~ ' N ' tetramethyl -diamino ­

diethyl -ether could be biological ly treated. 
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2. In t roduction 

The general principle of activated sludge pro~esses h~ve 

been described in the previous report, III Project No. 

~ FE-E-l S . 

The present studies were forcused upon the a~climation 

and decomposition processes of the organic substances 

related to TDI industry with respect to activated sludges. 

It would be preferable to review the similar studies 

conducted before. 

Malaney l) found that anili ne was metabolized with 

the microbes in the activated sludg and could be accli­

mated with it. 

Malaney examined the biological oxidation of the pheny­

lendiamines with the aniline-ac~limated sludge. 

As appearing in Fig. 2-1, oxygen up-take of ph e nylendi­

arnine was lower than that of aniline. 

Its differen c e between isomers of phenylendiamine was 

slight. 

The introduction of N0 2-, so 3-, and Cl- yroupes to 

benzen ring of ~niline decreased the biological degrada­

bility. 

Baird 
2

) studied the effect of phenol and its family on 

the activity of activated sludge. 

When they were added to the sludge which was not acclimat­

ed with phenol, the oxygen up-take was inhibited very 

sensitively and vice versa. However , they were found to 

be decomposed even when they hindered the activity of 

the sludge. 

Mckinney and coworkers 3 ) performed the similar expPri­

ments and summnrized their results as : 
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{1) Activated sludge could treat phenol and its faruly. 

(2) Phenol and its family did not diminish the activity 

of activated sludge as long as their concentration 

were less than 500 ppm. 

(3) Phenyls were oxidized mainly being controlled by the 

mass transfer rate of oxygen. 

{4) Treatability of phenyls was dependent on their 

str cture. 

Kaneko and his coworker 4 ) studied the effect of PCB on 

the activated s]udge. PCB was difficult to oxidize 

biologically and was condensed in the sludge. 

Navak and Kraus 
5

) examined the decomposition of fatty 

acids of long chain with activated sludge. They d id not 

deactivate the activi~y o~ sludge. 

Their treatability was not influenced by the degree of 

saturation and the length of the chain. 

Cox and Conway G) reported the biodegradation of polyethy­

lenglycol up to 500 0 molecules. 

7) . 
Po-You ng and cowo r kers found the accumlation of 

nonhy ur ophilic p~e ny l compounds in the lipid. 
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3. CUlture of activated sludge with aniline. 

Acc~ ~~ing to Malaney l) the acclimation processes of 

some compound swhich included nitrogen were similar to 

those of ani line. At the same time, he four.d tha.t a nurr..ber 

of N-containing substances CLuld become the substrates for 

the sludge when the aniline - acclimated sludge was 
cultured with them. 

Therefore, the activ~ted sludge cultured with simulated 

Wa3te water was exaru~ned to be acclimated with aniline. 

3.1 Ext rimental 

The activated sludge subject to acclimation had been 

continuous!• cultured with corn steep liquor (simulated 

waste w~ ~er) in the aeration vessel of 98 2 in volume 

which appeared in Fig. 2-17 of the preceedi11g report 

(III Project No. FE-E-15). The sludge thus cultured was 

ladled up into the smaller aeration vessel of about 

30 £ and was cultured at the same C8nditions as above 
for four days. 

Then, the addition o f CSL (Corn Steep Liquor) was sto2ped 

and the sludge ~as a r ated without feeding for three days. 

After the sludge wen t into endgeneous conditions, the 

aeration was stopped for a while to sediment the sludge 

and replace the top water of 9 2 with the buffer 

solution. This repla~ement has been done every day 

dur1ng the acclimation expeLiment. At the same time a 

certain amount of aniline was added. The buffer solu­

tion was prepared by mixing the solution A (60 m2} , 

sol u tion B, C, and D (20 m2 each), and water (720 .rr. 2 ). 

The compositions of solutions were; 

Solution A; K2HP04 

KH2P04 

N2 HP04 .12H20 
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. 2. 3 SVI 

SVI (Sludge Volume Index) increased gradually from 40 

mf/ g in the initial period and stayed at relatively 

high value between 15 an d 40 days ot cultur~. 
(Fig: 3-3). 

At the 45 days it decreased s harply to 30 m£ / g and 
continued to decrease . 

Remova l efficiency o; aniline 

coo (Chemical Oxygen Demand) o~ top water was 

measured immediately before and after the addition of aniline. 
(Fig. 3-4). The difference of COD 

attar the addition from that befo r e the addition of 

next day c o rrespo nded t o the amount of coo treated biologically. 

The amo unt of treated COD is given in Fig . 3-4. 

The removal effi c>ency was 'a lculated and plott•d in Fig. 3-S. 

It exceeded 95 % exce. t t Oe initial few days . 

Respiration Rat e 

Fig. 3-6 gives the r espiration rate before the 

additi on of ani line . It was less t han 10 mg o

2

; g . 

>lLSS • hr, Which meant t ha t th e s 1 udge was at t he 

endge neous conditi o n, TOe r espi rati on rate was 

measured at 30 minutes after the ad~ition ot aniline. 
As seen in Fig. 3- 7 , in the initial 30 Cays it 

stayed at l ow value and then increased. Th>s means 

that after 30 days culture the Sludge r esponded 
ensitive l y to aniline. 
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Observations 

was Observed by using the microscope of magnifica t ions . 

e results ~regi ven in Fig. 3-8. 

thi s figure, the circles mean that protozoans 

e observed more than an individual in the fielJ 

icroscope vision, th e triangles do that indivi-

l exsisted in t he sludge but n o t always were found 

he fie ld of vision, and the crosses do that no 
Vidu al was observed. 

found that protozoans were going to disappea£ 
of culture proceeded . 

the results , th e cultural interval seemed 
id e d to four periods . 

peri oC was the initial 7 days, where NLss 
and SVI increas ed . 

perio d ~as the f o llowing 20 days, where the 

n proceeded and t he biological Phases ~ere chan ged . 

riod, t he parameters we re not stable, 

eriod was the followin g 10 days , where ~ss 
response to the addition of aniline 

appeared after t he cult ure of 45 days 

the paramet e rs were stable and t he 
lently treated aniline . 

t ha t the act i vated sludge was c omp l e t ely 
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acclimated in the f o urth period 

Since Protozoans disappeared in the last period, the 

biological environment Of the sludge acclimated with 
aniline Was not Preferable to them. 

(l) The acti v ate d sludge Which had been cultured With 
CSL could be acclimated With aniline. 

(2) The treatability of aniline With acclimated sludge 

was excellent even a t t he relative l y high load SUch as F /,' 1:::: O.J. 

(3 ) The acclimated slucrye wa s very stable . 

(5) The change in biol ogical Phase was observed With accl i ma ti o n. 

(4 ) It t ook about 30 days t o acclimate the sludge . 
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r-, 
Added aniline- . 

1ooo -i Jooo t J / lf I - ---- F X taoo 0 
u 

2so0 
1 <? ------------- J ff ~ --'\ILl_ 2ooo L : 400 § 

n )\ j6 J I ~ 
2oo -o 

cv :g 
0 ~ 

1 soo :--~~~~~~...___,__,~-...a...L...,. ............... ~~~~~..........__....__._~ 0 10 
20 

Fig. J-1 

Tirne [days J 
30 

40 so 
60 

NLss of 

ac t ivated sludge du~ing CUlture 

~otith amiline. 



7.5 i ,.... I\ 

Add~ anilin~ 11000 . 

I o ~ 
BOO Q 

0 
7. 0~ 1- VI f 

~ I u 

jsoo rf 
I 

6.5 t , 
I 

400 ~ 

I 
·--·-

6. 0~ 
c - pOq <( -

200 , 
ClJ 

55
'-''l••,,,,l,.,,l•o . .,,,l"''<•f.,,.,,._, I I 

• ~ ........ 1 ......... ...J 

() -. 

, 
"0 

0 <( 

7u 20 30 
Time C days J 

40 so ' . 

Fi g. 3-2 60 

pii change of activated •ludee during culture "ith aniline, 



70r 
~feeoing 

9 -~=Jniltn~ 
. 

11000 -
60' 

I I I I ,., 
-aoo a 

n sot ?o~!~ 1J YVI ( bO~- If }600 ~ ~ ~ 
E I I \ r. 'r' 1/ - Oq/r{v/ I u 

U 4Q 1-1 U \ n / 6 I I C1l 
400 .£ -·-

~ 3oi - L j200 ; --
(il 
u u 

0 <( 

20 
LA I " 1 " " I " " • • • I I 1 

' ' • I ' I I I I ' 0 ' I I ' I I ..._. 0 I 0 o o I I o o o o I o o o I o o o 1 o...J " " lu 20 30 
Time C days J 

40 50 60 

Fit;. 3-3 

SVI of activated Sludge during CUI ture •ith aniline, 



Ol 
c 
~ 
QJ 

;r 
0 
0 
0 -

0 0 0 0 0 
0 0 0 0 0 ~ CO 1.0 ~ N 0 
r~----~·----~~----~, ----~·----~, 0 

0 0 0 0 0 0 co (.0 
~ 

p 

l 

0 
0 
N 

0 
0 

(.0 

0 
L() 

0 
~ 

n 
(/) 
~ 
tt1 

"0 
0 u 
M 

ClJ 
E 
~ 

0 
N 

. 
a> 
s:: ..... 

r-i ..... 
~ 

"t:1 
a> 
> 
0 
E 

~ 

""' ' r"") . 
~<.) ..... 

:i. 



n 
~ 
0 

u 
~ 
u c 
<lJ -u ·-

100 

95 

:: 90 
IJ.J 

CSL feeding 
~ 

-
~ 85/\o 
<lJ 

a:: 

80 
0 

-
10 . 20 

Fie;. 3-5 

~ 
Added aniline 1000 

....... 
800 8 

u 
Ol 

600 8 

400 
QJ 
r ... 
c 

<:( 

200 a; 
"0 

.... I I I I I I I I I I I I I I I I I I I I I • • ~...&..J. .J 0 
30 40 50 60 

u 
<( 

Time [days J 

Removc,J efficiency of aniline. 



15 . . 
Added aniline 1000. 

CSL feeding n -....... n < )>o 

800 8 I-

u 
.c 

A- ~ 

. 
~ 10 

9 600 E u 
_J ,..._ :2: 
Ol 

\ ~I 1400 ~ J ) 
......... 

N 

0 
Ol 
E 

. 200 -o 
u 

<1J 
·o 

I 

"0 ~\j~ ~ I <( 
-

I ' 

. 
-

~ 

...,. 
. 
~ 

0 ...... ,,,,,,,,,, ...... , ...........• 
0 10 20 30 40 50 60 

Time [days J 

J..,i(j. 3-6 
Res pira tion rate before addition of ani l ine (r.r.l) 



120. 
1000 . Added aniline 

r1 n 100 
CSL feeding 800 ::: L.. 

0 .J: ~ - 0 . 
u c./) 

80 sao E c./) 
_J 

LJ ~ --Ol 
60 

v 400 ~ 
....... 
N 

0 ·--·~ Ol 
c: E 
<t u 40 

200 u 

v \ Jo 
<1J 

20 ~ I u N -
u 

. -L. 

I <t 
. 

'-

0 I f ' I I t I I vy I I TV I :ret I y 
I I ' I I I I I ' s I I I I I I I I I I I I I I ,,,,,,, ... ,., .... 

0 10 20 ; 30 40 50 60 
Time C days J 

Fie. 3-7 Respirntion r a te after ad d ition of aniline (r.r.2) 

( 30 rninutec after arirlition of eniline ) 



Vorticella 
CSL feeding 
~ ,. 

AXX 
~Rotifera fOnly ~ration OOA 

Hyphomycetes ,- x 

XXXX X 

OAAX X 

0 A. 

o A 
XXX X X 

AAA ~ A 
tu<x 

AXX 

0 
A X X X X XXX X X l<XX 

._o • o o 

0 0 0 

o o I o o o o~ o o o o I o o o o o o o o o I o o o o o o o 1 o I o o o o o o o o o I o o o o 0 o o o~ 
20 30 40 50 60 

10 

Time C days J 

Fig. 3-8 
Biological phase • 

.--- - --~ --. 



4. Culture of activate~ sludge with the reaction procluct of 
TDI with wat8r. 

4.1 Experimental 

The two kinds of activated sludge were useJ for the 

culture test with the reaction product of TDI with 
water (r.p.-TDI). 

They w~ - ~ the sludges cultured with aniline and CSL. 

The procedure of culture was similar to that described 
in the preceeding chapter. 

The sludges taken from the respective vessels were 

cultures with nutritions same as previous ones in the 
25 ~ vessels. 

When the conditions of sludges were attained at the 

desired ones, the fe{ 1ing of nutritions was stopped. 

The sludges were aerated until they were completely 

endgeneous. Thereafter, the top water of 9 liters was 

replaced with the buffer solution of the same amount 

every day. The composition of buffer solution was sa1~ 
as that given in Chapter 3. 

At the same time, certain a mounts of nutrition and r.p.­

TDI were added day by day . In the course of experiment, 

the nutritions such as an i ~ ine and CSL were fed along 

with r.p.-TDI. r.p.-TDI us e d in th~s experiment was 

prepared by mixing TDI and ater within one minute before 
addition. 

The concentrations of 2niline, CSL, anq r.p.-TDI were 

given in Figures. The value f o r r.0.-TDI was expressed 

by assuming that TDI was simply dissolved in the water. 

The temperature was maintained at 25°C. 

4.2 Results for the culture of the aniline acclimated 

sludge with r.p.-TDI (Culture I) 
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In this chapter, the quantity of r.p.-TDI was expressed 

by dividing the total amount of COD of added TDI into 

water by the whole volume of sludge solution. 

4.2.1 pH 

Fig. 4-l shows pH change of the sludge which had 

been acclimated with aniline for the addition of 

r.p.-TDI and also aniline. 

I11 the initial period it increased and then steady 

value ~f cbout 7.6 was obtai~ed. 

4.2.2 MLSS 

The large fractuation of MLSS was observed in Fi g. 4-2. 

As a whc !~ , MLSS decreased gradua l ly. The change 

depended on the addition of aniline. As seen in this 

fig~re the addition of aniline increased MLSS. 

r.p.-TDI alone could no~ raise ~~SS. 

4.2. 3 SVI 

Fig. 4-3 gives the change of sludge volume index. 

It decreased from 40 m£/ g to 20. 

4.2.4 COD of top water 

COD of top water before the addition of aniline and 

r.p.-TDI was given in Fig. 4-4. This value roughl y 

~orresponded to the concentration of · r.p.-TDI . 
. 

(It 1.,ras lo\'er in the initial period). 

4.2.5 Respiration Rates 

Fig. 4-5 shows the respiration rate before the 

addition of r.p.-TDI 0nd an ~ line. 

In the initial period, the detect~ble respiration 
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rate was observed. However, af~er 30 days it went 

~own to the undetectable level. The resp~ration rate 

after the addition of r.p.-TDI and aniline was shown 

i n the lower part of Fig. 4-5. For the initial 20 

days, relatively high value was obtained . 

Howe ver, in the later period, it became very low. 

On the 55th day, it shows considerab ly high value. 

It should be noted that r.p.-TDI had not been added 

for a few days before this peak appeared. 

4.2.6 Biological Phase 

No. protozoans was obse r ved in the course o f the 
present experiment. 

4.J Di scuss ions for the culture of the an iline acclimated 
sludge ~ith r.p.-TDI (Cul t ure I ) 

Th e crange of pH in th e initi al 20 days would be due 

to the addition of aniline bec3use the metabolic 

activity of aniline reduced pH In t his pe riod, MLS S 

was maintained at high val e and COD of top water was low. 

Taking into account the l ow concentration of r.p .-TDI, 

th~ sludge wa~ ac tive with respect to an i line and t he 

effEct of r.p .-T~I was slight . This was also support ed 

by the high r esp iration activity in this period. 

Aftar this peri od , th e total activi t y of sludse was 
s raciually reduc e d. 

Ho•1~o. ·;er , th e acti v :. ty of t he _sludge could be r eco vered 

during 55 da"s . After abou t lO C days ' culture , activity 
could not r e turn any more . 

In the experiment of 130 days , r.p .-TD I could not be 

reeta bo lized and hin de red the activity of the s ludge . 
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4.4 Results for the culture uf the CSL acclimated sludge 

with r.p.-TDI (Culture II) 

4.4.1 pH 

Fig. 4-6 gives the change of pH during the culture of 

CSL acclimated sludge with r.p.-TDI and also CSL. 

The value was maintained around 7.6 . The absence 

of CSL genernlly increas e d pH. 

4 .4. 2 MLSS 

Th e change of MLSS during culture was shown in Fig. 
4-7. 

In the initial period wh e r e CSL was not give n 

(0+0 30th d ay ), ML SS d e crease d . The addition of 

CSL mul t ip li c ate d ~~SS. Af t e r 7 0th day it r e ma ined 

a r o un d 2200 ppm t ro ugh CSL was not f e d . 

4. 4 . 3 SVI 

SVI wa s kep t in t h e r a n ge of 30 t o 40 a s shown in 
Fig . 4- 8 . 

4 . 4 . 4 . COD 

COD of t op wa t er i s g 1 ve n i n Fi g 4-9. 

In the 1nitial pe rio d , it i nc r e a se d with t he additi o n 

o f r. p .-TDI. The in c r eas e d c o n ce ntra tio n of CSL 

p r ovi s i o n a ll y l ower e d it for a while. For the longer 

c ulture , COD s tayed a r ound 25 p pm in the a b . 2nce o f 
CSL. 

4.4.5 Respira t io n r a t e s 

Fi g . 4-10 gives the r e s p iration rate s of the sludge 
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before and after the addition of r.p.-TDI and also 

CSL, respectively. Both respiration rates responded 

sensitively to the a00ition of CSL. They were almost 

zero in the initia~ period as long as CSL wa~ not 
added. 

The addition of CSL drastically enhanced both 
respiration rates. 

Eowever, in the latter period (after 60th day) they 

fell off to zero and did not respond to the addition 

of CSL. This indicated that r.p.-TDI destroyed the 
respirato~y activity. 

4.5 Discussion for the culture of the CSL acclimated sludg e 
with r.p.-TDI (Culture II). 

Generally, the behav iours of culture II resembled those 

of culture I. As far as th8 change of MLSS concerned , 

r. p .-TDI seemed t o be metabolized because MLSS maintained 

a roughly constant value in the long culture where 

CSL was not given. However, the hgih values of COD 

in the latter period were c o ntradictory with this 

possibility. Th e results for the respirati o n rates 

could support the hindrance effect of r.p.-TDI for 
activa t e d sludg e . 

In conclusion, r. p .-TDI was no t me tabo lized L y t he 

activate d sludge and hindered its activity . 
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5. Culture of activated sludge with tolylene diamine 

5.1 Introduction 

As has been described in the p r evious report (III 

Proj~ct No. FE-E~l5) tolvlen~ l isocyanate reacts with 

watPr to giv E. tolylene dja~i ne. 

R(NC0) 2 + 2H 2o -----;o-. R(NH
2

)
2 

+ 2C0
2 

Thustolylene diamine(TDA) could be a pollutant in the ;I 

effluent from water scrubber of the air including 

tolyl e ndiisocyanate gas. 

The effect of this effl~ent on the activated sludge 

should be considered frc 1m the environmental point of 
view. 

As has already been reviewed in Chapter 2, the compounds 

whose structure were similar to aniline could be meta­

bolized in the aniline-acclimated sludg~. 

In this E:.xperiment, 2.6-tolylene diamine (2,6-TDA.) 

whose solubility was relatively higher than · other 
isomers was examined. 

5.2 Experimental · 

The experimental procedures were almo st similar to 

those of Chapter 4. 

The activated sludge which was . acclimated with aniline 

or CSL was bring into the culture vessel of about 30 £ 

The sludges were multiplicated upto the desired density. 

Then, the feeding of nutritions was stopped under the 

aeration until endgeneous conditions were attained. 

The top water of 18£ was replaced every day with the 

buffer solution whose composition was given in Chapter 



3. At the same time, the assigned quantity of nutri­

tions was added. The temperature was maintained about 

25°C. 

5.3 Results :or the culture of the aniline acclimated 

sludge with 2, 6 TDA (Culture I) 

1 11 U d.. s chapter the quantity of TDA and ani line was 

expressed in terms of COD equivalents being similar 

to that in the previous chapters. 

5 . .J. l pH 

In +-.he i:li tial pt:::riod ( 0 to 15 th day) , w:1ere the 

concentration of added aniline was high and that 

of TDA was low, pH decreased monotonically to about 

4 . (Fig. 5-l) . From 16th day pH started to increase. 

The anomaly high value of pH appearing on 21st day 

was due to the neutralization with alkaline solu­

tion. 

After 40th day, pH roughly traced the concentration 

of added TDA, i.e. the increase in the concentration 

of added TDA brought about the higher value of pn. 

The critical concentration of TDA which in~uced the 

l ncrease in pH, seemed to be about 15 mg COD/ ~ . 

5.3 . 2 MLSS 

[ Fig. 5-1 shows the value of MLSS during cul ·ture. 

It was kept almost constant before 70th day regardless 

of the concentrations of acded TDA and aniline. 

Thereafter, r-1LSS gradually decreased as a whole. 

5.3.3 SVI 

As shown in Fi g . 5-3, SVI was kept between 30 and 
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40 m£/g during the culture. 

5.3.4 COD 

Fig. 5-4 gives COD of top water immedialely before 

its replacement . 

It was kept less than 15 mg o2/£ as long as the 

concentration of added TDA was low. 

However, the addition of TDA higher than 18 mg COD/£ 

brought about the remarkable increase of COD. 

5.3.5 Respiration rates 

Respiration rates i~mediately before the addition 

of nutritions and at 30 minutes after their addition 

are given in Fig. 5-5. 

The respiration rate immediately before the addition 

stayed at VE:ry low value. 

This indicated that the sludge was in endgeneous 

conditions before the addition of nutritions or it 

was inactive. 

The respiration rate at 30 minutes after the addition 

of nutritions was maintained at high value up to 

55th d ay . After then it was kept as low as that 

immediately before the addition. 

It was clearly shown that the loading of TDA as 

much as 20 mg COD/ £ destroyed the respiration acti­

vity of the sludge which could not have been recovered 

any more. 

5.3.6 Treatment efficiency 

Treatment efficiency was calculated from COD's o i 

added nutritio~s and top water as given in Fig. 5-6. 
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It was almost kept aLove 90% during the culture. 

As the amount of added aniline was much larger 

than TDA, aniline was well metabolized throughout 

the culture. 

5.3.7 Biological phase 

In the initial half of the culture vorticella and 

rotifera were found. 

Rotifera was a only obs~rvable protozoans in the 

latter half and its activity was low. 

The color of the sludge changed from gray to black 

gradually. 

The high loading of TDA channed the color from black 

to dark red immediately. 

5.4 Discussions for culture of the aniline acclimated sludge 

with 2, 6 TDA (Cult.u~e I). 

The review of results offered the general information 

that pH, COD, and respiration rates responded sensi­

tively to the addition of TDA b11t ~~SS and SVI were 

not affected. 

In the initial period (0 to 6th day) aniline was fed 

singly. 

The decrease in pH in this period was owing to nitri­

fying reaction. 

The elevation of pH in accordance with the addition of 

TDA would result from the inhibition of nitrifying 

reaction by TDA. 

Consistently, COD of effluent increased with the addi ­

tion TDA. 
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The drastic increase in pH and COD and decrease in 

respiration rates appeared when TDA of 24.4 ppm was 

given. 

This indicated that the durability limit of TDA . to 

the sludge seemed to exsist. 

The critical value could be 15 to 20 mg COD/1 of TDA 

from the comparison of data. 

Once the sludge experienced TDA above this rritical 

value, its activity was lost and hardly recovered. 

The conclusion was that ; 

(1) The addition of small amount of TDA to the aniline 

acclimated sludge s~ightly reduced the activity. 

(2) The critical concentration of TDA which killed 

the activity of the sludge was found. 

Its value was between 15 and 20 mg COD/2. 

(3) As long as the concentration 0f TDA in the sludge 

was less than the critical value and the large 

amount of aniline was fed, TDA was not harmful 

to the sludge. 

However, the decomposition and / cr oxidation of 

TDA in this process were not always assured. 

The difficulty in the analysis of TDA in the 

presence of excess amount of aniline remained the 

problem unsolved. 

(4) It seemed difficult to culture the sludge with 

2,,6 TDA exclusively of other nutritions. 

5.5 Results for the culture of the CSL acclimateu sludge 
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with 2, 6 TDA (Culture II). 

5.5.1 pH 

In contrast to the case o f aniline acclimated 

sludge, the change of p H did not sensitively res­

pond to the concentratior. of added TDA but it 

became gradually higher with time as shown in 

Fig. 5-7. 

5.5.2 MLSS 

~~SS gradually decreased to abou 2000 p pm a~ given 

in Fig. 5-8. 

It ~ould be recognized that the decrease i n pH was 

detained by addition of CSL. 

5.5.3 SVI 

SVI gradually decreased from 80 to 40 as shown in 

Fig . 5-9. 

This indicated that t he sedimenta tion and coagula­

tion were e xcellent. 

5.5 . 4 coo 

COD of the tor• water immediately befor e its replace­

ment appears in Fig . 5-10. In the initial period 

COD 3tay ed at about 5 ppm. 

The a~dition of CSL and a l so TDA induced its gradual 

inc r ease to about 10 ppm. _ 

As the va lue itse l f was relatively low, the detailed 

discussion on its trend seemed to be in vain. 

5.5.5 Respiration rates 

Respiration rates immediately before and 30 minutes 
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after the addition of CSL and also TDA are given 

Fig. 5-11. In the initial period where the concc ·,~­

ration of added TDA was low, the addition of CSL 

rised the respiration rate 30 minutes after the 

addition (rr 2 ). 

However, rr 2 decayed to almost nought as time passed. 

The respiration rate immediately before the addition 

(rr 1 ) showed a slight increase in the middle of 

culture. 

In the rest of the cultural interval rr1 was undetect­

ably low. 

5. 5 .G Visible observation 

It was observed that the top wate r became turbid 

and the color of sludg e changed to black. 

5.6 Discussions for the culture of the CSL acclimated 

sludge with 2, 6 TDA (Cul~ure II) 

Bei ng similar to the case of aniline acclimated sludge 

I maintained broadly constant value of 60 to 80, 

regard less of. the concent r ation of added TDA. 

Howev e r, t he value itself was different from the case 

of aniline a cclimated sludge w~e re it was 30 to 40. 

Though MLSS was not sensitively responsible to the 

change of added nutritions, it decreased gradually to 

2 000 ppm. 

Thus, as far as MLSS concerned TDA seemed not always 

harmful. 

How e ver, the respiration rates and COD of top water 

suggeste d the degradation of activity of the sludge. 

The respiration rate 30 minutes after the addi~ion of 
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nutritions (rr
2

) exhibited the degradation of respira­

tory activity with time which would be closely related 

to the total activity of the sludge. 

Here, it should be reminde~ that rr 2 decreased despite 

giving the same amounts of TDI and CSL constantly in 

the latter period. 

In the same period COD showed the increasing trend. 

This indicated the degradation cf treatability of the 

sludge. 

The contradiction lying between the results of MLSS and 

of COD and respiration rates introduced the idea that 

TDA pro d uced the slud~e which was inactive not only 

to the metabolism of nutritions but also to the 

biological oxidation of itself. 

It should be noteworthy that this inhibitive trend 

appear e d at the concentration of TDA as low as 5 ppm. 

This was compaired to the case of aniline acclimated 

sludge where the critical concentration of TDA was 

15 to 20 ppm. 

In conclusion, TDA even at low concentration inhibited 

gradually the metabolic activity of the sludge which 

cultured with CSL. 

However, taking into account the previous experiment, 

the inhibi~ive action of TPA would be reduced by 

acclimating lhe sludge with aniline. 
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6. Culture of activated sludge with triethylenediamine 

6.1 Introduction 

As has been· already stated in the previous report (III 

Project No. FE-E-15) triethylenediamine (TEDA) was 

soluble into water and enhanced the respiration activity 

of the activated sludg~. However, this enhancement did 

not always directly indicate that TEDA could be metabol­

ized and assimilated. 

In this chapter, the possibility of acclimation of TEDA 

into activated sludges was examined. 

6.2 Experimental 

The outline of experimental procedure was same as t'lat 

of preceeding chapters. 

The aniline acclimated and CSL acclimated sludges were 

stored in the vessels of about 30£ and aerated. 

Top water of 18 X. was replaced every day with the same 

amount of buffer solution which was used in the previous 

experiments. 

Simultaneously, a certain amount of TEDA was adder. 

Initially, the sludge was aerated wi.thout feeding for 

three.days. After then, the addition of TEDA started. 

The temperature was maintained around 25°C. 

The added TEDA was expressed ~n the apparent concentration 

in the sludge solution, i.e. it was giv~n by dividing 

the total amount of COD of added TEDA by entire volume 

of sludge solution. 

6 . 3 Results for the culture of aniline acclimated sludge 

with triethylenediamine (Culture I). 

The e xpression for the quantities of added TF~A and 

aniline was same as that in previous chapters. 
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6.3 . 1 pH 

G.3. ?. 

pH increased to about 7.7 bejng accompanied by the 

concentration of TEDA. (Fig. 6-1) 

HLSS decreased j~ th8 initial period and then stayed 

at about 1000 mg / £ constantly. (Fig. 6-2) 

6.3.3 SVI 

SVI raised gradually from 50 to 100 m£/g. (Fig. 6-3) 

0 .3.4 COD 

6. 3.::; 

6. 3 . 6 

COD of Top water before replacing it increased. This 

was paralle led with the concentration of added TEDA. 

(Fig. 6-4) 

Respiration rates 

The r espira t ion rates before the addition of TEDA 

(rr1l and after the addition (rr2l are given 

6- 5. 

rr 1 was almost zero wh i le rr 2 was detectabl e though 

the value itself was low. 

Vis ual Observation 

The apparent con d i t ions of flo c and top water did not 

alter. 

Proto zoans was not fou nd. 

6.4 Discussio~s for the culture of anil i ne a c c limate d 

sludge wi th trieth~ ' len J.iamine (Culture I). 

Concerning fv1LSS a nd rr 2 , the sludge was in tl1e course 
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of acclimation with TEDA. 

The initial decrease in MLSS was followed by the stoppage 

of the tendeucy. As already b e e n experienced in the 

acclimation experiment with aniline, MLSS we:.s ·reduced 

in the initial peri0d (Step 1), maintained a constant 

value for a while (Step 2), and started to increase 

(Step 3). 

The comp arison of the present result to that in the 

case of aniline surmised the possibility of acclimation 

of TEDA to activated sludgP.. 

This anticipation was supported by the gradual increase 

of rr 
2

• 

However, the result on COD was not always favourable to 

this anticipation. 

The increased value of COD indicated the possibility 

that TEDA resided without metabolizing. 

This contradiction would be reconciled by assuming 

the reaction intermed i ates in t.he assimilation 

processes .. It was regretable that the cultural time 

was too short to obtain the definite conclusion. 

In conclusion, though the limited time of experiment 

made the judgement vague TEDA seemed to be treated 

with activated sludge. 

6.5 Result3 for the culture of CSL acclimated sludge with 

tri e thylenJiamine (Culture II). 

G.S.l pH 

pH i ncre a s ed with the addition of TEDA. (Fig. 6-6) 

This change could be ascribed to the neutralizing 

effect of TEDA and / or to the alteration of 

metabolism by its addition which actually meant 

the inhibition of nitrifying reaction with TEDA. 
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6.5.2 MLSS 

~~SS decreased monotonically with time regardless 

of the addition of TEDA. (Fig. 6-7) 

As its decay seemed to be exponential, logarithm 

of MLSS was plotted against time as shown in Fig. 

6-8. From this plot the relation 

or 

[MLSS] = K exp (-kt) 

d[MLSS] = -k[MLSS] 
dt 

is obtained, where t is time, K and k ar·~ constants. 

This equation followed the decay relation of HLSS 

under the endgeneous conditions which had been 

mentioned in the previous report for III. 

6.5.3 COD 

6. 5. 4 

6. 5. 5 

COD of top water immediately before its replacement 

was given in Fig. 6-9. It was jumped up from about 

10 ppm to about 100 ppm immediately after the addition 

of TEDA started. It was noted that the concentra~lon 

of COD in the top water was hi9her than that of 

added TEPA. This i ~dicated that the floc was 

decomposed to colloi dal particle and/or soluble 

substances by the a ddition of TEDA. 

sv 30 and svr 

Both sv 30 and SVI decreased with time as shown in 

Fig. 6-10. The decrease was accelerated by the 

addition of TEDA. 

Respiration rate 

Fig. 6-ll gives the respiration rate immediately 
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6. 5. 6 

after the a·ddition of TEDA. The addition enhanced 

the respiration rate. 

Biological observation 

The top water a few days after TEDA started to be 

added became turbid. Being indicative from the 

value of SVI so high as 100, the sludge was in the 

condition of bulking. Accordingly, a large amount 

of mold fungi was found. 

6.6 Discus s ions for the culture of CSL acclimated sludge 

with t riethylendiamine (Culture II) 

The review of whole experiment presented the rather 

contradictory results such as; 

(1) The decrease in ~~SS indicated the difficulty i n 

the assimilation of TEDA. 

(2) The promotion of r e spiration rate and re d uction of 

SVI by the addition of TEDA presumed t he possibility 

of me tabolisrr •. 

(3) The sudden increase in COD of top water surmized the 

decompo s ition of floc, i.e. an effect of TEDA on the 

sludge. The two ways of explanation se e med to be 

possible. 

(1) On the assumption that TEDA was metabol i zed. 

TEDA and/ or reaction intermediates loosened 

the adhesive bond in the floc. The finel y 

divided solid was dispersed into the solution. 

The particle was divided too fine ly to settle. 

Thus, the increas~ in COD of top water and 

the decrease in MLSS were resulted. 

The decrease in sv30 could also be explained 
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in the same manne ~ . 

(2) On the assumption that TEDA was not metabolized. 

TEDA was hypothesized to remain unreacted in 

the solution. being similar to phosphates, TEDA 

stimulated respiration activity as a by-effec~. 

Also, TEDA promoted the coagulation of suspended 

solid. 

According to author's opinion, the first assumption 

was more natural because it was hardly presumed 

that TEDA, an organic substance, provided the 

effects on metabolic activity without any 

chemical alteration. The analytical identi­

fication of the solution during culture would 

provide the clear conclusion. 
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7. Culture of activated sludge with NNN'N' tetrarnethyl­

diamino-diethyl-ether. 

7.1 Introduction 

NNN'N' tetramethyl-diamino-diethyl-ether which has 

commercial name A-1 has been 'Jsed in the TDI related 

industry. 

NNN'N' tetramethyl-diamino-diethyl-ether (NTDDE) is 

soluble into water. Then, the waste water from 1'DI 

related industry possible contains NTDDE . 

In this chapter the effect of NTDDE on the activated 

sludge and the possibility of its acclimation to the 

sludge. 

7.2 Experimental 

The experimental procedu~es almost followed previous 

ones. CSL acclimated sludge was used as an original 

material. The culture was performed in the vessel of 

about 25 1 . Top water of about 18 1 was replaced 

every d ay with the buffer solution whose composition 

was mentioned previously. Th e culture was continued 

in an aeration condition nt 25°C. 

7.3 Results 

To exclude prolixity, the commercial name of NNN'N' 

tetramethyl-diamino-diethyl-ether as }\-1 was usee her.e . 

The add~d A- l was expressed in terms of the COD 

con ~entration, that is , the value a ppear ing in the 

axi of "Added A-1" was obtaine d by dividing the amount 

of COD for adde d A-1 by the entire volume o f sludge 

solution. 
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7.3.1 pH 

pH beca~ gradually higher with time to about 8. 

(Fig. 7 ~ 1) 

Afte r about 20 days, it was at steady state: 

7.3.2 MLSS 

MLSS decreased initially as shown in Fig. 7-2. 

After it stayed at about 1900 mg/1 for a certain 

period it started to raise again. This indicated 

that A-1 was assimilated with the activated sludge. 

7.3.3 SVI 

Fig. 7-3 showed that SVI which was as high as 130 

initially gradually decreased after 25th day. 

This indicated that the s edi mentation was being 

improved. 

7.3 .4 COD 

Before 22nd d ay COD of top water· immediately before 

the :eplacement of solutlo n increased with the 

con e e..'1 tra tion of added A-1. (Fi g. 7-4) 

However, after 25th day COD was kept constant around 

40 mg 0 211 ins pite of the increase in the conce ntra­

tion of added A-1. 

This also indi cated that A-1 stated to be metabolized 

a f ter 25th day. 

7.3 . 5 Respiration rates 

Th e respiration rate irrunediately before the cddition 

of A- (rr 1 ) was aJmost nil as shown in Fig. 7-5 . 

The respiration rate irrunediately after the addition 

of A-1 ( ~ r 2 l was also nil before 30th day. After 



then rr2 began to rise. 

Thls result surrnized the possibility of oxidation 

of A-1 in the latter period. 

7.3.6 Visible observations and others 

1:. the initial period a plenty of mold fungi wa s 

found, which corresponded to the high value of SVI. 

As the culture proceeded mold fungi and protozoans 

disappeared. In the initial period an odor of A-1 

was felt in the top water even after 24 hours aeration. 

However, after 25th day, the odor was not sesible 

any more. 

7.4 Discussions 

The following results positi ve ly supported the 

assimilation of A-1 after about 25 days' culture. 

(1 ) Increase in HLSS. 

(2) The detectable respir a tion rate after the addition 

of A-1. 

(3) The stagnation of COD in top water despite the 

increase in the concentration of added A-1. 

(4) The elimination of A-1 odor in top water. 

(5) ThE diminution of SVI. 

All of these results resembled ti1ose for the case 

aniline acclimation. Thus, it would be concluded that 
-

A-1 could be assimilated and treated with CSL-cultured 

activated sludge. 
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